Bigenomic functional regulation of all 13 cytochrome c oxidase subunit transcripts in rat neurons in vitro and in vivo.
Cytochrome c oxidase is a multisubunit, bigenomically encoded inner mitochondrial membrane protein. Its enzymatic activity and amount in the brain vary with metabolic demands, but the precise regulation of all 13 subunits to form a functional holoenzyme in a 1:1 stoichiometry is not well understood. To determine if all 13 subunit transcripts were coordinately regulated by functional alteration in neurons, cultured primary neurons were depolarized by potassium chloride for 5-24 h, or tetrodotoxin inactivated for 2-6 days. In vivo studies were done on rats monocularly enucleated for 4 days to 2 weeks. Expressions of cytochrome c oxidase subunit mRNAs were measured by real-time quantitative polymerase chain reaction. Results showed that in vitro, all 13 transcripts were significantly up-regulated after 5 h of depolarizing stimulation. With tetrodotoxin blockade, however, the three mitochondrial-encoded transcripts were down-regulated earlier than the 10 nuclear ones (2 days versus 4 days). In vivo, all three mitochondrial-encoded subunit mRNAs were also down-regulated earlier than the nuclear ones in deprived visual cortex (4 days versus 1 week after monocular enucleation). Cytochrome c oxidase activity and protein levels were significantly decreased in parallel after 4 days of deprivation in vitro and 1 week in vivo. Our results are consistent with a coordinated mechanism of up-regulation of all 13 transcripts in response to functional stimulation, but an earlier and more severe down-regulation of the mitochondrial transcripts than the nuclear ones in response to functional deprivation. Thus, the mitochondrial subunits may play a more important role in regulating cytochrome c oxidase protein amount and activity in neurons. Our results also point to the need of all 13 subunits to form a functional holoenzyme.